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Abstract 
During their operation, modern aircraft engine components are subjected to increasingly demanding operating conditions, 
especially the high pressure turbine (HPT) blades. Such conditions cause these parts to undergo different types of time-dependent 
degradation, one of which is creep. A model using the finite element method (FEM) was developed, in order to be able to predict 
the creep behaviour of HPT blades. Flight data records (FDR) for a specific aircraft, provided by a commercial aviation 
company, were used to obtain thermal and mechanical data for three different flight cycles. In order to create the 3D model 
needed for the FEM analysis, a HPT blade scrap was scanned, and its chemical composition and material properties were 
obtained. The data that was gathered was fed into the FEM model and different simulations were run, first with a simplified 3D 
rectangular block shape, in order to better establish the model, and then with the real 3D mesh obtained from the blade scrap. The 
overall expected behaviour in terms of displacement was observed, in particular at the trailing edge of the blade. Therefore such a 
model can be useful in the goal of predicting turbine blade life, given a set of FDR data. 
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Abstract 
Post weld treatment methods such as high frequency hammer peening (HFHP) increase the fatigue strength of welded details 
mainly due to modifying the residual stress state and extending the period of crack initiation. Recently performed fatigue tests at 
steel grades S960, S1100 and S1300 with constant amplitude loading showed a large increase of fatigue life due to the 
application of HFHP. However, the influence of spectrum type loading including pre- and overloads at HFHP treated notch 
details has to be considered as well. For this reason, fatigue tests with operational-like variable amplitude loading at welded notch 
details of transversal stiffener and butt weld of S1100 with untreated and HFHP treated weld toe condition have been performed 
showing an increas  of fatigue life due to HFHP treatment ev  for maximum stresses lose to or above the yield stre th.  
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1. Introduction 
Ultra high strength fine grained structural steels (UHSS) with yield strength up to 1300 MPa are applied in mobile 
crane structures for the purpose f weight reduction (Kern et al. (2002a, 2002b)). Due to applied fatigue loads during 
operation the lifetime of welded notch details of these structures is limited. By the application of post weld treatment 
methods the fatigue strength of w lded deta ls can be improved. In particular, methods like high frequency hammer 
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peening (HFHP), which modify the residual stress state locally, are suitable for the fatigue strength improvement of 
steels with high yield strengths. Up to now, the influence of HFHP on the fatigue strength of welded details has been 
mainly investigated by fatigue tests with constant amplitude loading (CAL) at steel grades with yield strengths up to 
960 MPa. For this reason, existing design recommendations for the consideration of HFHP are limited to steel grades 
of S960 and plate thicknesses of 5 mm and higher. Recently performed fatigue tests with CAL at steel grades S960, 
S1100 and S1300 (Stranghöner and Berg (2016), Berg and Stranghöner (2015)) showed a large increase of fatigue 
life due to the application of HFHP. However, the influence of spectrum type loading including pre- and overloads at 
HFHP treated notch details of UHSS has to be considered as well. Available results from literature with HFHP 
treated weld toe condition mainly cover CAL fatigue tests and only a minor part covers fatigue tests with variable 
amplitude loading (VAL). For this reason, VAL fatigue tests have been performed on mobile crane typical notch 
details made of S1100 to determine the influence of HFHP on the fatigue strength with operational-like loading. 
2. State of the art 
HFHP is a local post weld treatment method which plastically deforms the weld toe surface resulting in cold 
hardening of the near surface region and rounding of the weld toe, see Fig. 1. HFHP modifies the residual stress 
state of the treated weld toe by inducing compressive residual stresses resulting in a shallower slope of the S-N-line 
with m ~ 5 in comparison to FAT classes of as welded details with m = 3. The improvement effect of HFHP is 
mainly based on the induced compressive residual stresses which increase at higher steel grades in comparison to 
lower steel grades (Dürr (2007), Ummenhofer et al. (2011)). Due to the improvement effect with increasing yield 
strength (Yildirim and Marquis (2012)), fatigue class improvements due to HFHP treatment are proposed depending 
on the steel grade (Dürr (2007), Haagensen and Maddox (2010), Ummenhofer et al. (2011), Yildirim (2013)) which 
are limited to maximum steel strengths of S960 and plate thicknesses of at least 5 mm. 
Within recently performed fatigue tests with CAL carried out at the Institute for Metal and Lightweight 
Structures of University of Duisburg-Essen (Stranghöner and Berg (2016), Berg and Stranghöner (2015)), the  
Nomenclature  
nom nominal stress range 
mem membrane stress range 
AW as welded untreated weld toe condition 
CAL constant amplitude loading 
D Damage sum 
fy yield strength 
HFHP high frequency hammer peening 
IIW International Institute of Welding 
km stress magnification factor due to misalignment 
m slope of S–N-line in finite fatigue life region 
Nf load cycles until failure 
Ncalc theoretical load cycles until failure for the VAL 
 fatigue tests based on the equivalent stress ranges 
 eq assuming the Miner elementary rule 
R  stress ratio defined by min/max 
UHSS ultra high strength steels 
VAL variable amplitude loading 
 a) b)  c) 
Fig. 1. (a) Local application of high frequency hammer peening at weld toe region and  
(b, c) resulting plastic deformations 
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Abstract 
Post weld treatment methods such as high frequency hammer peening (HFHP) increase the fatigue strength of welded details 
mainly due to modifying the residual stress state and extending the period of crack initiation. Recently performed fatigue tests at 
steel grades S960, S1100 and S1300 with constant amplitude loading showed a large increase of fatigue life due to the 
application of HFHP. However, the influence of spectrum type loading including pre- and overloads at HFHP treated notch 
details has to be considered as well. For this reason, fatigue tests with operational-like variable amplitude loading at welded notch 
details of transversal stiffener and butt weld of S1100 with untreated and HFHP treated weld toe condition have been performed 
showing an increase of fatigue life due to HFHP treatment even for maximum stresses close to or above the yield strength.  
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1. Introduction 
Ultra high strength fine grained structural steels (UHSS) with yield strength up to 1300 MPa are applied in mobile 
crane structures for the purpose of weight reduction (Kern et al. (2002a, 2002b)). Due to applied fatigue loads during 
operation the lifetime of welded notch details of these structures is limited. By the application of post weld treatment 
methods the fatigue strength of welded details can be improved. In particular, methods like high frequency hammer 
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peening (HFHP), which modify the residual stress state locally, are suitable for the fatigue strength improvement of 
steels with high yield strengths. Up to now, the influence of HFHP on the fatigue strength of welded details has been 
mainly investigated by fatigue tests with constant amplitude loading (CAL) at steel grades with yield strengths up to 
960 MPa. For this reason, existing design recommendations for the consideration of HFHP are limited to steel grades 
of S960 and plate thicknesses of 5 mm and higher. Recently performed fatigue tests with CAL at steel grades S960, 
S1100 and S1300 (Stranghöner and Berg (2016), Berg and Stranghöner (2015)) showed a large increase of fatigue 
life due to the application of HFHP. However, the influence of spectrum type loading including pre- and overloads at 
HFHP treated notch details of UHSS has to be considered as well. Available results from literature with HFHP 
treated weld toe condition mainly cover CAL fatigue tests and only a minor part covers fatigue tests with variable 
amplitude loading (VAL). For this reason, VAL fatigue tests have been performed on mobile crane typical notch 
details made of S1100 to determine the influence of HFHP on the fatigue strength with operational-like loading. 
2. State of the art 
HFHP is a local post weld treatment method which plastically deforms the weld toe surface resulting in cold 
hardening of the near surface region and rounding of the weld toe, see Fig. 1. HFHP modifies the residual stress 
state of the treated weld toe by inducing compressive residual stresses resulting in a shallower slope of the S-N-line 
with m ~ 5 in comparison to FAT classes of as welded details with m = 3. The improvement effect of HFHP is 
mainly based on the induced compressive residual stresses which increase at higher steel grades in comparison to 
lower steel grades (Dürr (2007), Ummenhofer et al. (2011)). Due to the improvement effect with increasing yield 
strength (Yildirim and Marquis (2012)), fatigue class improvements due to HFHP treatment are proposed depending 
on the steel grade (Dürr (2007), Haagensen and Maddox (2010), Ummenhofer et al. (2011), Yildirim (2013)) which 
are limited to maximum steel strengths of S960 and plate thicknesses of at least 5 mm. 
Within recently performed fatigue tests with CAL carried out at the Institute for Metal and Lightweight 
Structures of University of Duisburg-Essen (Stranghöner and Berg (2016), Berg and Stranghöner (2015)), the  
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mem membrane stress range 
AW as welded untreated weld toe condition 
CAL constant amplitude loading 
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fy yield strength 
HFHP high frequency hammer peening 
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km stress magnification factor due to misalignment 
m slope of S–N-line in finite fatigue life region 
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 eq assuming the Miner elementary rule 
R  stress ratio defined by min/max 
UHSS ultra high strength steels 
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 a) b)  c) 
Fig. 1. (a) Local application of high frequency hammer peening at weld toe region and  
(b, c) resulting plastic deformations 
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 influence of HFHP on the fatigue strength of welded UHSS S960, S1100 and S1300 was investigated. The test 
specimens which were axially loaded with a stress ratio of R = 0.1 were classified into the four different welded 
notch details longitudinal stiffener, transversal stiffener, cover plates and butt weld with plate thicknesses of 4 - 8 
mm. The fatigue tests were focussed on the upper finite fatigue life region as this fatigue life region is an important 
operational region of the investigated steel grades, especially for mobile crane structures. The slope of the S-N-lines 
of HFHP-treated specimens increased to m ~ 5 when crack initiation started from the treated weld toes, see Fig. 2 
(a), which is consistent to existing investigations into HFHP for steel strengths S960 and lower from the literature. 
The test results of the HFHP-treated specimens showed a significant improvement of the fatigue strength with a 
factor of at least 2 compared to the as welded toe condition. Furthermore, a theoretical intersection of the S-N-lines 
of as welded and HFHP-treated toe conditions was computed at approximately 4,000 load cycles, see Fig. 2 (b). The 
classification of results for the HFHP-treated condition into proposed nominal stress based FAT classes showed that 
existing recommendations which cover yield strengths up to 960 N/mm2 and plate thicknesses of at least 5 mm, are 
conservative. 
Spectrum type loading including pre- and overloads can influence the beneficial effect of HFHP due to residual 
stress relaxation. For welded joints with untreated weld toe condition a damage sum of D = 0.5 is recommended by 
the IIW (Hobbacher (2016)). However, experimental investigations about the influence of HFHP covering VAL 
fatigue tests are rather limited (Mikkola et al. (2013)). Especially the distribution of the load spectrum influences the 
beneficial effect of HFHP. 
3. Experimental investigations 
The Institute for Metal and Lightweight Structures of University of Duisburg-Essen currently performs VAL 
fatigue tests on UHSS S1100 to determine the influence of HFHP on the fatigue behaviour of different welded notch 
details. Within this contribution, the results of the notch details transversal stiffener and butt weld with transition in 
thickness will be discussed, see Table 1. The weld toe condition varied in as welded and HFHP treated specimens. 
The test specimens for the VAL fatigue tests were manufactured in the same way as those for the CAL fatigue 
tests (Stranghöner and Berg (2016), Berg and Stranghöner (2015)). Ultra high strength, water-quenched and 
tempered fine grained heavy plates of steel grade S1100 with a nominal yield strength of 1100 MPa with plate 
thicknesses of 6 and 8 mm were used for the production of the test specimens. All test specimens were welded 
manually by MAG process (MAGM, 135) with filler material Union X90. Herewith, the nominal value of the yield 
strength of the filler material is below the yield strength of the used base materials. The stiffeners were welded 
a) b) 
Fig. 2. (a) Normalised fatigue test results and (b) comparison of load cycles until failure Nf of the test specimens with as welded and high 
frequency hammer peened toe condition (Stranghöner and Berg (2016), Berg and Stranghöner (2015)) 
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single layered. The specimens of the notch detail butt weld were welded both sided with transition in thickness 
(alignment on the root side, removal of the weld root and welded sealing run), see Fig. 3.  
Due to the deliberate misalignment of the neutral axis of e = 1 mm, an additional bending moment is induced 
when the specimens are axially loaded resulting in an increased stress state at the fatigue critical weld toe (top layer, 
6 mm). This stress increase can be considered by multiplying the part of membrane stresses resulting from the axial 
load by a stress magnification factor km, see Eq. (1) and (2). According to the IIW recommendations (Hobbacher 
(2016)) the effect of the different plate thicknesses can be estimated by Eq. (3). Within this contribution the resulting 
bending moments due to linear misalignment were determined analytically considering the measured plate 
thicknesses resulting in nearly the same factor g, see Eq. (4). For each test specimen the linear misalignment e was 
measured and the stress magnification km,axial was determined by Eq. (2) and (4). The stress magnification factor km 
was evaluated by dividing the resulting stress of the bending moment by a factor of 1.2 to consider the different 
fatigue lives for axial loading and bending loading, see Eq. (5). The factor of 1.2 (Berg (2016)) was transferred from 
the results of fracture mechanics analysis by Gurney (1991) and from the evaluation of fatigue tests results with 
axial and bending loading by Maddox (2015). All specimens were instrumented with strain gauges to prove the 
influence of the misalignment. The specimens of the notch detail butt weld of the CAL fatigue tests showed larger 
amounts of angular misalignment up to 4°. For this reason the resulting bending stresses due to angular 
misalignment were considered by an additional stress magnification (Berg (2016)). As the specimens of VAL 
fatigue tests showed only small angular misalignments no further stress magnification due to angular misalignment 
was considered for these specimens. 
nom m memk    (1) , 1m axial ek gt    (2) 
1,5
1
1,5 1,5
1 2
6 2,38IIW tg t t    (3) . 2,42analyg   (4) 
 , 11 1 1,2m m axialk k       (5) 
After welding and cutting, approximately half of all test specimens were treated manually by HFHP. The HFHP 
treatment was performed by Pneumatic Impact Treatment with a frequency of 90 Hz and with a radius of the 
indenter of 2 mm. The local treatment was applied at the weld toes to the base material, see Fig. 3.  
The fatigue tests were performed load controlled with axial loading and a sinus shaped load–time-function with 
variable load amplitudes resulting only in tensile stresses. Especially the shape of the spectrum loading and the order 
of the loading influence the results of fatigue tests.  
As UHSS are applied in mobile crane structures, the shape of the spectrum loading was defined by reviewing 
literature concerning service load measurements at mobile crane structures. The shape of the load spectrums of 
Table 1. Test programme 
     
Notch detail Steel grade Weld toe condition1) n2) t (mm) mem,max /fy (%) 
Transversal stiffener 
 
S1100 AW 5 6 50 - 95 
 S1100 HFHP 4 6 50 - 95 
Butt weld with transition in 
thickness 
 
S1100 AW 5 6 / 8 50 - 85 
S1100 HFHP 5 6 / 8 50 - 85 
1) Weld toe condition: AW = as welded; HFHP; high frequency hammer peened. 
2) Number of test results per series. 
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specimens which were axially loaded with a stress ratio of R = 0.1 were classified into the four different welded 
notch details longitudinal stiffener, transversal stiffener, cover plates and butt weld with plate thicknesses of 4 - 8 
mm. The fatigue tests were focussed on the upper finite fatigue life region as this fatigue life region is an important 
operational region of the investigated steel grades, especially for mobile crane structures. The slope of the S-N-lines 
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(a), which is consistent to existing investigations into HFHP for steel strengths S960 and lower from the literature. 
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tempered fine grained heavy plates of steel grade S1100 with a nominal yield strength of 1100 MPa with plate 
thicknesses of 6 and 8 mm were used for the production of the test specimens. All test specimens were welded 
manually by MAG process (MAGM, 135) with filler material Union X90. Herewith, the nominal value of the yield 
strength of the filler material is below the yield strength of the used base materials. The stiffeners were welded 
a) b) 
Fig. 2. (a) Normalised fatigue test results and (b) comparison of load cycles until failure Nf of the test specimens with as welded and high 
frequency hammer peened toe condition (Stranghöner and Berg (2016), Berg and Stranghöner (2015)) 
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single layered. The specimens of the notch detail butt weld were welded both sided with transition in thickness 
(alignment on the root side, removal of the weld root and welded sealing run), see Fig. 3.  
Due to the deliberate misalignment of the neutral axis of e = 1 mm, an additional bending moment is induced 
when the specimens are axially loaded resulting in an increased stress state at the fatigue critical weld toe (top layer, 
6 mm). This stress increase can be considered by multiplying the part of membrane stresses resulting from the axial 
load by a stress magnification factor km, see Eq. (1) and (2). According to the IIW recommendations (Hobbacher 
(2016)) the effect of the different plate thicknesses can be estimated by Eq. (3). Within this contribution the resulting 
bending moments due to linear misalignment were determined analytically considering the measured plate 
thicknesses resulting in nearly the same factor g, see Eq. (4). For each test specimen the linear misalignment e was 
measured and the stress magnification km,axial was determined by Eq. (2) and (4). The stress magnification factor km 
was evaluated by dividing the resulting stress of the bending moment by a factor of 1.2 to consider the different 
fatigue lives for axial loading and bending loading, see Eq. (5). The factor of 1.2 (Berg (2016)) was transferred from 
the results of fracture mechanics analysis by Gurney (1991) and from the evaluation of fatigue tests results with 
axial and bending loading by Maddox (2015). All specimens were instrumented with strain gauges to prove the 
influence of the misalignment. The specimens of the notch detail butt weld of the CAL fatigue tests showed larger 
amounts of angular misalignment up to 4°. For this reason the resulting bending stresses due to angular 
misalignment were considered by an additional stress magnification (Berg (2016)). As the specimens of VAL 
fatigue tests showed only small angular misalignments no further stress magnification due to angular misalignment 
was considered for these specimens. 
nom m memk    (1) , 1m axial ek gt    (2) 
1,5
1
1,5 1,5
1 2
6 2,38IIW tg t t    (3) . 2,42analyg   (4) 
 , 11 1 1,2m m axialk k       (5) 
After welding and cutting, approximately half of all test specimens were treated manually by HFHP. The HFHP 
treatment was performed by Pneumatic Impact Treatment with a frequency of 90 Hz and with a radius of the 
indenter of 2 mm. The local treatment was applied at the weld toes to the base material, see Fig. 3.  
The fatigue tests were performed load controlled with axial loading and a sinus shaped load–time-function with 
variable load amplitudes resulting only in tensile stresses. Especially the shape of the spectrum loading and the order 
of the loading influence the results of fatigue tests.  
As UHSS are applied in mobile crane structures, the shape of the spectrum loading was defined by reviewing 
literature concerning service load measurements at mobile crane structures. The shape of the load spectrums of 
Table 1. Test programme 
     
Notch detail Steel grade Weld toe condition1) n2) t (mm) mem,max /fy (%) 
Transversal stiffener 
 
S1100 AW 5 6 50 - 95 
 S1100 HFHP 4 6 50 - 95 
Butt weld with transition in 
thickness 
 
S1100 AW 5 6 / 8 50 - 85 
S1100 HFHP 5 6 / 8 50 - 85 
1) Weld toe condition: AW = as welded; HFHP; high frequency hammer peened. 
2) Number of test results per series. 
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mobile cranes can be classified as gaussian-like, see Fig. 4 (a). Based on the load spectrums used in (Hummel 
(2003), Melz et al. (2015)), a gaussian-like spectrum with a shape parameter of s ~ 2.6 was derived, see Eq. (6). The 
spectrum contains 51 different load amplitudes and in total 600 load cycles. As the focus of the fatigue tests is on the 
upper finite fatigue life region, a rather short spectrum length was chosen. The repetitions of the highest stress level 
max was increased to n = 2 to consider high load levels which are typical for mobile crane structures (Melz et al. 
(2015)) which possibly influence the beneficial effect of HFHP treatment. The stress ratio of each load cycle was 
chosen to R = 0.1. Results of VAL fatigue tests with block type loading show increased fatigue lives in comparison 
to results with random-like load time functions due to the influence of mean stresses (Fischer (1977)). For this 
reason, a random-like load time function was defined for the VAL fatigue tests, see Fig. 4 (b). 
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0
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H H
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For the evaluation of the rest results, the different stress levels of the load spectrum were transferred into 
equivalent constant amplitude stress ranges eq, see Eq. (7). Due to the gaussian-like shape of the load spectrum 
most of the fatigue damage results from stress levels above the fatigue limit. Furthermore, the fatigue tests are 
focused on the upper finite fatigue life region. For these reasons, the elementary Miner rule was applied with no 
differentiation between stress levels above and below the fatigue limit. For the specimens with as welded toe 
condition a slope of m = 3 and for the specimens with HFHP treated weld toe condition a slope of m = 5 was used 
resulting in eq = 0.501 max (m = 3) and eq = 0.554 max (m = 5). Based on the results of the CAL fatigue 
tests and the equivalent stress ranges eq, the theoretical load cycles until failure for the VAL fatigue tests Ncalc 
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Fig. 3. (a) Execution of the weld and (b) plastic deformation due ot HFHP treatment for the notch detail butt weld with transition in thickness 
a) b) random-like load-cycle function 
Fig. 4. (a) Comparison of load spectra from Hummel (2003) and Melz et al. (2015) with the load spectrum used for the own fatigue tests and (b) 
derived random-like load-cycle function 
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were determined and the damage sum was evaluated for each specimen of the VAL fatigue tests, see Eq. (8). 
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
  (7) 
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calc
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4. Experimental results and discussion 
As expected, all as welded test specimens failed due to crack initiation from the weld toes to the base material. 
Due to HFHP treatment the crack initiation changes and most of specimens failed due to crack initiation from 
notches in the base material. Only 3 of 9 HFHP treated specimens which were loaded with the highest stress ranges 
failed by crack initiation from the treated weld toes. Consequently, especially at lower stress ranges the fatigue life 
a) VAL test results evaluated with max b) VAL test results evaluated with eq 
Fig. 5. nominal stress range with (a) max and (b) eq for VAL test results 
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mobile cranes can be classified as gaussian-like, see Fig. 4 (a). Based on the load spectrums used in (Hummel 
(2003), Melz et al. (2015)), a gaussian-like spectrum with a shape parameter of s ~ 2.6 was derived, see Eq. (6). The 
spectrum contains 51 different load amplitudes and in total 600 load cycles. As the focus of the fatigue tests is on the 
upper finite fatigue life region, a rather short spectrum length was chosen. The repetitions of the highest stress level 
max was increased to n = 2 to consider high load levels which are typical for mobile crane structures (Melz et al. 
(2015)) which possibly influence the beneficial effect of HFHP treatment. The stress ratio of each load cycle was 
chosen to R = 0.1. Results of VAL fatigue tests with block type loading show increased fatigue lives in comparison 
to results with random-like load time functions due to the influence of mean stresses (Fischer (1977)). For this 
reason, a random-like load time function was defined for the VAL fatigue tests, see Fig. 4 (b). 
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For the evaluation of the rest results, the different stress levels of the load spectrum were transferred into 
equivalent constant amplitude stress ranges eq, see Eq. (7). Due to the gaussian-like shape of the load spectrum 
most of the fatigue damage results from stress levels above the fatigue limit. Furthermore, the fatigue tests are 
focused on the upper finite fatigue life region. For these reasons, the elementary Miner rule was applied with no 
differentiation between stress levels above and below the fatigue limit. For the specimens with as welded toe 
condition a slope of m = 3 and for the specimens with HFHP treated weld toe condition a slope of m = 5 was used 
resulting in eq = 0.501 max (m = 3) and eq = 0.554 max (m = 5). Based on the results of the CAL fatigue 
tests and the equivalent stress ranges eq, the theoretical load cycles until failure for the VAL fatigue tests Ncalc 
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were determined and the damage sum was evaluated for each specimen of the VAL fatigue tests, see Eq. (8). 
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4. Experimental results and discussion 
As expected, all as welded test specimens failed due to crack initiation from the weld toes to the base material. 
Due to HFHP treatment the crack initiation changes and most of specimens failed due to crack initiation from 
notches in the base material. Only 3 of 9 HFHP treated specimens which were loaded with the highest stress ranges 
failed by crack initiation from the treated weld toes. Consequently, especially at lower stress ranges the fatigue life 
a) VAL test results evaluated with max b) VAL test results evaluated with eq 
Fig. 5. nominal stress range with (a) max and (b) eq for VAL test results 
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of HFHP treated weld toes can be limited due to adjacent notches in the base material or in the weld root. 
The results of the CAL and VAL fatigue tests are visualized by S-N diagrams in Fig. 5 separately for each notch 
detail by evaluating the nominal stress ranges nom for the notch detail butt weld with transition in thickness and 
the membrane stress ranges mem for the notch detail transversal stiffener. The results of the VAL fatigue tests 
were evaluated with the maximum stress range max, see Fig. 5 (a), as well as with the equivalent stress range eq, 
see Fig. 5 (b). The different positions of crack initiation for the HFHP treated specimens are not visualized within 
the diagrams. The continuous lines represent the S-N lines of the CAL fatigue tests results with 50 % survival 
probability. For the results of the CAL tests as well as of the VAL tests the slope of the S-N lines can be 
approximated with m = 3 for the as welded toe condition and m = 5 for the HFHP treated weld toe condition. All 
HFHP treated specimens show an increase of the fatigue lives. Furthermore, some specimens were tested with 
maximum tensile stresses close to the yield strength (transversal stiffener) or even higher than the yield strength 
(butt weld), see Fig. 5 (a). The results of those specimens show a fatigue life increase due to HFHP treatment by 
factors of ~4 (transversal stiffener) and ~2 and ~5 (butt weld). In spite of the high maximum loads of the spectrum 
loading, the beneficial effect of the induced residual stresses due to HFHP treatment is not vanished. The evaluation 
of the VAL fatigue tests results with the equivalent stress range eq shows a good agreement between the results of 
the CAL and VAL fatigue test results, see Fig. 5 (b). The fatigue strengths of the CAL fatigue tests results with 50 
% survival probability of  = 125 MPa (AW) and  = 342 MPa (HFHP) for the notch detail butt weld with 
transition in thickness and  = 98 MPa (AW) and  = 260 MPa (HFHP) for the notch detail transversal stiffener 
correspond to a FAT class increase by +9 FAT classes (butt weld) and +8 FAT classes (transversal stiffener) (Berg 
(2016)) confirming existing design proposals for the consideration of HFHP treatment (Yildirim (2013)). 
The calculated and experimental fatigue lives of the VAL fatigue tests results Ncalc and Nexp are compared in Fig. 
6. The real damage sums for the as welded toe condition are between D = 1.3 and D = 2.5. The real damage sums 
for the HFHP treated condition are lower and lie between D = 0.8 and D = 2.2. However, most of the HFHP treated 
specimens failed due to crack initiation differing from the treated weld toe. For this reason, the test results represent 
a lower bound. For both weld toe conditions the recommended damage sum of D = 0.5 according to Hobbacher 
(2016) is conservative. However, a rather small number of results has been considered in this evaluation so far. 
5. Conclusions 
Within this contribution the results of CAL and VAL fatigue tests at welded UHSS S1100 with untreated and 
HFHP treated welt toe condition have been discussed with the following conclusions. 
Fig. 6. Comparison of calculated and experimental fatigue lives of the VAL fatigue test results using the elementary Miner rule 
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1. For both loading types the slope of the S-N lines can be approximated with m = 3 for the as welded toe 
condition and m = 5 for the HFHP treated weld toe condition although most of the HFHP treated specimens 
of the VAL tests failed from crack initiation differing from the HFHP treated weld toes. 
2. The results of specimens tested with maximum stresses close or even above the yield strength show a fatigue 
life increase due to HFHP treatment by factors of ~4 (transversal stiffener) and ~2 and ~5 (butt weld). In 
spite of the high maximum loads of the spectrum loading, the beneficial effect of the induced residual 
stresses due to HFHP treatment is not vanished. 
3. The evaluation of the fatigue strengths of the CAL fatigue tests results with 50 % survival probability 
correspond to a FAT class increase by +9 FAT classes (butt weld) and +8 FAT classes (transversal stiffener) 
confirming existing design proposals for the consideration of HFHP treatment. 
4. The real damage sums lie between D = 1.3 and D = 2.5 for the as welded toe condition and between D = 0.8 
and D = 2.2 for the HFHP treated condition confirming the recommended damage sum of D = 0.5 according 
to Hobbacher (2016) as a conservative value for both weld toe conditions. 
The discussed results are part of an ongoing project and represent preliminary conclusions. Further VAL fatigue 
tests will be carried out for the notch details transversal, longitudinal stiffener, cover plate and butt weld with 
transition in thickness.  
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of HFHP treated weld toes can be limited due to adjacent notches in the base material or in the weld root. 
The results of the CAL and VAL fatigue tests are visualized by S-N diagrams in Fig. 5 separately for each notch 
detail by evaluating the nominal stress ranges nom for the notch detail butt weld with transition in thickness and 
the membrane stress ranges mem for the notch detail transversal stiffener. The results of the VAL fatigue tests 
were evaluated with the maximum stress range max, see Fig. 5 (a), as well as with the equivalent stress range eq, 
see Fig. 5 (b). The different positions of crack initiation for the HFHP treated specimens are not visualized within 
the diagrams. The continuous lines represent the S-N lines of the CAL fatigue tests results with 50 % survival 
probability. For the results of the CAL tests as well as of the VAL tests the slope of the S-N lines can be 
approximated with m = 3 for the as welded toe condition and m = 5 for the HFHP treated weld toe condition. All 
HFHP treated specimens show an increase of the fatigue lives. Furthermore, some specimens were tested with 
maximum tensile stresses close to the yield strength (transversal stiffener) or even higher than the yield strength 
(butt weld), see Fig. 5 (a). The results of those specimens show a fatigue life increase due to HFHP treatment by 
factors of ~4 (transversal stiffener) and ~2 and ~5 (butt weld). In spite of the high maximum loads of the spectrum 
loading, the beneficial effect of the induced residual stresses due to HFHP treatment is not vanished. The evaluation 
of the VAL fatigue tests results with the equivalent stress range eq shows a good agreement between the results of 
the CAL and VAL fatigue test results, see Fig. 5 (b). The fatigue strengths of the CAL fatigue tests results with 50 
% survival probability of  = 125 MPa (AW) and  = 342 MPa (HFHP) for the notch detail butt weld with 
transition in thickness and  = 98 MPa (AW) and  = 260 MPa (HFHP) for the notch detail transversal stiffener 
correspond to a FAT class increase by +9 FAT classes (butt weld) and +8 FAT classes (transversal stiffener) (Berg 
(2016)) confirming existing design proposals for the consideration of HFHP treatment (Yildirim (2013)). 
The calculated and experimental fatigue lives of the VAL fatigue tests results Ncalc and Nexp are compared in Fig. 
6. The real damage sums for the as welded toe condition are between D = 1.3 and D = 2.5. The real damage sums 
for the HFHP treated condition are lower and lie between D = 0.8 and D = 2.2. However, most of the HFHP treated 
specimens failed due to crack initiation differing from the treated weld toe. For this reason, the test results represent 
a lower bound. For both weld toe conditions the recommended damage sum of D = 0.5 according to Hobbacher 
(2016) is conservative. However, a rather small number of results has been considered in this evaluation so far. 
5. Conclusions 
Within this contribution the results of CAL and VAL fatigue tests at welded UHSS S1100 with untreated and 
HFHP treated welt toe condition have been discussed with the following conclusions. 
Fig. 6. Comparison of calculated and experimental fatigue lives of the VAL fatigue test results using the elementary Miner rule 
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1. For both loading types the slope of the S-N lines can be approximated with m = 3 for the as welded toe 
condition and m = 5 for the HFHP treated weld toe condition although most of the HFHP treated specimens 
of the VAL tests failed from crack initiation differing from the HFHP treated weld toes. 
2. The results of specimens tested with maximum stresses close or even above the yield strength show a fatigue 
life increase due to HFHP treatment by factors of ~4 (transversal stiffener) and ~2 and ~5 (butt weld). In 
spite of the high maximum loads of the spectrum loading, the beneficial effect of the induced residual 
stresses due to HFHP treatment is not vanished. 
3. The evaluation of the fatigue strengths of the CAL fatigue tests results with 50 % survival probability 
correspond to a FAT class increase by +9 FAT classes (butt weld) and +8 FAT classes (transversal stiffener) 
confirming existing design proposals for the consideration of HFHP treatment. 
4. The real damage sums lie between D = 1.3 and D = 2.5 for the as welded toe condition and between D = 0.8 
and D = 2.2 for the HFHP treated condition confirming the recommended damage sum of D = 0.5 according 
to Hobbacher (2016) as a conservative value for both weld toe conditions. 
The discussed results are part of an ongoing project and represent preliminary conclusions. Further VAL fatigue 
tests will be carried out for the notch details transversal, longitudinal stiffener, cover plate and butt weld with 
transition in thickness.  
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